Introduction
Ethiopia is the second most populous country among Sub-Saharan Africa countries, and in 2015 the population was estimated at 94.53 million (Adugna, 2014) . According to the Ethiopian Demographic and Health Survey (EDHS) 2000, the total fertility rate (TFR) in Ethiopia was 5.5 children per woman; this rate declined to 5.4 in 2005 5.4 in (Teller, 2011 and further to 4.8 in 2011 (CSA, 2012) . Although showing a declining trend, like many African countries, Ethiopia's fertility rate is still high. The TFR in urban Ethiopia is estimated at 2.6, and in rural areas it is estimated at 5.4 (per 1000 live births), according to the 2011 EDHS. This variation may be attributed to differences in cultural, economic and health factors which influence the process of human reproduction. Determinants such as the value society gives to children, preferences relating to the sex of a child and family size, the social position and role of women in a society, economic needs and old age security schemes, and the frequency of sexually transmitted diseases affect fertility. Social organizations and cultural effects have an influence on the pace of family formation and childbirth (Falls, 2007) . There are two factors that determine fertility: direct or proximate determinants, and indirect determinants or background factors (Davis and Blake, 1956 ). The background factors work through the proximate determinants to influence fertility; they do not influence fertility directly. The proximate determinants are behavioral mechanisms that act to reduce fertility. The principal characteristics of the proximate determinants are their direct influence on fertility. Indirect determinants are socioeconomic, cultural and environmental (e.g. education, labor, and urban residence)-those elements that, if changed, would causally result in a change in overall fertility levels, all else being equal (Bongaarts, 1978; Bongaarts and Potter, 1983) .
Marriage is the best known proximate determinant of fertility. Marriage is defined as the relatively stable union to which socially approved childbearing is limited in most societies (Bongaarts and Potter, 1983) . The formation of marriage is usually associated with the beginning of childbirth. In societies where women marry at an early age, the beginning of childbirth is early and the period during which women bear children is relatively longer (Bongaarts and Potter, 1983) . The age at which marriage occurs and the proportion of women who are married, accompanied by a low level of contraceptive use, determine the level of fertility in a society (Bongaarts et al., 1984; Hailemariam, 1992) . Contraceptive use is also a proximate determinant of fertility. After postpartum amenorrhea, the risk of getting pregnant increases should the woman become sexually active and not use any form of contraception. A study in Kenya showed that the value of the index of contraception (C c ) has declined from 0.81 to 0.72 between 1989 and 2003. This decline signals an increasing role of contraception in fertility reduction (Anyara and Hinde, 2006) . Similar studies in Eastern and Southern Africa show that contraceptive prevalence rates for modern methods are above or close to 50% in only two countries (Zimbabwe and Mauritius) and between 25% and 40% in five countries, namely Madagascar, Malawi, Kenya, Rwanda and Zambia (Guengant and May, 2011) . In the remaining countries, use of modern methods averaged between 10% and 20%. In addition to marriage and contraceptive use, women's exposure to the risk of pregnancy is determined by postpartum behavior. Postpartum amenorrhea, which is largely determined by the duration and intensity of breastfeeding and postpartum abstinence, determines the length of postpartum insusceptibility. Postpartum insusceptibility has an influence in the reduction of fertility (Blanc and Grey, 2000) . Therefore, this study compares the relative effects of marriage patterns, contraceptive use, and postpartum insusceptibility to fertility using the Bongaart's Proximate Determinants on Fertility framework. In addition, the study examines the relative contribution of each index for the reduction of fertility.
Hypothesis 1:
The increase in contraceptive method use will decrease total fertility rate.
Hypothesis 2: Rural residence index of postpartum infecundability (C i ) will decrease in 2011.
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Data and methods
Data
The EDHS 2005 and 2011 were used. From the EDHS 2005, the total number of eligible women was 14,070 and the study sample was 8914 (married women). According to the EDHS 2011, there were 16,515 eligible women but the study sample used 9594 (married women).
Methods
The TFR of a population is a function of the total fecundity rate (TF), index of marriage (C m ), index of contraception (C c ), index of postpartum infecundability (C i ) and index of abortion (C a ); the model is expressed as (Bongaarts, 1978 (Bongaarts, , 1982 : model is expressed as (Bongaarts, 1978 (Bongaarts, , 1982 where TFR is total fertility rate, TF is the total fecundity rate, and C m , C c , C i and C a are indices measuring the fertility inhibiting effect of marriage, contraception, postpartum infecundability and abortion, respectively. The value of each of these four indices ranges between 0 and 1. The index takes the value 0 when the fertility inhibition of the given intermediate fertility variable is complete, and equal to 1 when there is no fertility inhibition effect. These indices are estimated as:
Here α is an adjustment for the couple having not using contraceptive method, Bongaarts (1978) estimated the constant as 1.08. u = Average proportion of married women currently using contraception. e = Useeffectiveness of contraceptive methods. C i = Birth interval in absence of breastfeeding/ Birth interval in presence of postpartum non-susceptible period caused due to breastfeeding.
http://repository.uwc.ac.za 4 Bongaarts (1978) recognized that a relationship exists between the three cumulative fertility rates: TFR, total marital rate (TM) and total natural marital fertility rate (TN). The basic relations between these indices and the cumulative fertility measures are:
Operational definition
Age-specific fertility rate Age-specific fertility rate is the number of births per year per 1000 women of a specific age (group).
It is calculated as
Total fertility rate
The total fertility rate is the average number of children that would be born to a woman by the time she ended childbearing if she were to pass through all her childbearing years conforming to the age-specific fertility rates (ASFRs) of a given year. It is also defined as the sum of the ASFRs (5-year age groups between 15 and 49) for female residents of a specified geographic area (nation, state, county, etc.) during a specified time period (usually a calendar year) multiplied by 5. Please note that this rate estimates the number of children a hypothetical cohort of 1000 females in the specified population would bear if they all went through their childbearing years experiencing the same age-specific birth rates for a specified time period (United Nations data, 2010; United Nations, department of Economic and Social Affairs, 2008). Calculation: 5(∑ASFR) /1000, where ASFR is each 5-year ASFR.
Total fecundity rate
Fecundity is the capacity to reproduce; fertility, on the other hand, is the actual reproductive performance. Total fecundity rate is equal to the total natural marital fertility rate in the absence of lactation (Bongaarts, 1978) .
http://repository.uwc.ac.za Results This section consists of two analysis findings; the first comprises the four main indices of fertility model, and second computes the inhibiting effect of the each four proximate determinants on fertility.
Index of marriage
The index of marriage, C m , (i.e. exposure to reproductive risk), would equal 1 if all women at reproductive risk were married and 0 in the total absence of intercourse. It is the weighed (by age-specific marital fertility rates) averages of the age-specific proportions of currently married women as follows:
Where m (a) = age-specific proportion of currently married women and g(a) = age-specific marital fertility rates. The index C m gives the proportion by which TFR is smaller than TM http://repository.uwc.ac.za 6 as the result of non-marriage; C m = 0 if nobody is married and C m = 1 if all women are married during the entire reproductive period. The index of marriage is intended to express the reduction in fertility caused by women not being sexually active throughout their entire reproductive period. Table 1 presents the age-specific proportion of currently married women, age-specific marital fertility rates, and ASFRs of all women based on the types of place of residence.
Thus, the urban index of marriage is 0.75 Therefore, from the relationship TFR = Cm * TM, the TM = TFR/ Cm = 2.635/0.75 = 3.51.
Index of contraception
Index of contraception, C c , would equal 1 in the absence of contraceptive use (e.g. natural fertility populations) and 0 if all women at reproductive risk employed completely effective contraception. This index takes into account both the prevalence and useeffectiveness of contraceptive practices employed by those at reproductive risk, and is calculated by: u is the average proportion of married women currently using contraception(including abstinence; male methods and sterilization) e is the average contraceptive effectiveness; 1.08 is a sterility correction factor.
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Since estimates of contraceptive effectiveness are problematic to obtain and thus not often available, the Table 2 shows the standard method-specific values (adapted from data from the Philippines) which are used in the calculation of average effectiveness levels in developing countries (Bongaarts, 1982) .
The average use-effectiveness, e, is estimated as the weighted average of the methodspecific use-effectiveness levels e(m), with the weights equal to the proportion of women using a given method u(m). Thus, http://repository.uwc.ac.za
From the relationship TM = C c *TNM, TNM = TM/C c , where TNM is total natural marital fertility rate TNM (urban) = 3.51/0.5 = 7.02. In addition to this, TNM (rural) = 7.30/0.77 = 9.50 Table 3 presents the average use of contraceptive effectiveness (e) for urban 0.95 and rural 0.94. Comparative results of index of contraception (C c ) for urban 7.02 and rural 9.40.TNM equals to TM in the absence of contraception and induced abortion.
From the relationship TNM = C i * TF; where TF is fecundity rate Urban, TF = TNM/C i = 7.02/0.56 = 12.54 and Rural, TF = TNM/C i = 9.50/0.55 = 17.30 As we have shown in Table 3 , both sterilization and IUD contraceptive method use were very low compared with other modern contraceptive use such as injection, pill and condom.
Index of postpartum infecundability
The index of postpartum infecundability, C i , would equal 1 in the absence of postpartum amenorrhea (and postpartum abstinence) and 0 if the duration of postpartum infecundability were to continue indefinitely. An estimate of the index of postpartum infecundability is calculated as follows:
, where i = average duration of postpartum infecundability caused by breast feeding http://repository.uwc.ac.za 
Index of induced abortion
The index of induced abortion, Ca, would equal 1 in the absence of induced abortion and 0 if all pregnancies were interrupted by induced abortion. The index is calculated as follows:
Where TFR = an estimate of the total fertility rate, TA = total abortion rate, equal to the average number of induced abortions per women at the end of the reproduction period if induced abortion rates remain at prevailing levels throughout the reproductive period, and u = proportion women using contraception.
In Ethiopia, induced abortion was difficult to establish as the data were not well recorded and were minimally available. Furthermore, the quality of data did not permit a valid estimate of TA; the index of induced abortion is taken to be 1 in both urban and rural residence of women in 2005 and 2011.
Estimation of total fertility
The total fertility rate is estimated from the indices according to the Bongaarts model:
The TF values of most populations fall within the range of 13 to 17 births per woman, with an average of 15.3.
The same procedure was performed to find the four main indices for proximate determinants in 2005.The computed results are shown below in Table 4. http://repository.uwc.ac.za
In 2005, C i had the lowest value of all the indices of fertility in both urban and rural areas, with 0.55 and 0.58, respectively. The corresponding value for TF in both urban and rural areas was 13.2 and 18.2 in 2005. In 2011, C c had the lowest value of all the indices of fertility in urban areas with a value of 0.50, but the C i for rural women had a value of 0.55.
The relative contribution accounted for by each proximate fertility determinants by birth per women
The Table 5 exhibits the magnitude of the total inhibiting effect being accounted by each proximate fertility determinant at two points in time. The differences between the TF and the estimated TFR are attributed as the result of the inhibiting effect of each determinant. The total inhibiting effect is prorated by the proportion of the logarithm of each index to the sum of logarithm of all indices (Wang et al., 1987) .
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The fertility inhibiting effect of contraception is obtained as
The fertility inhibiting effect of lactational infecundability is obtained as
Rural. The fertility inhibiting effect of marriage is obtained as
Relative contribution of each proximate determinant by percentage
To measure the magnitude of the total inhibiting effect being accounted for by each of the proximate determinants of fertility is by simple decomposition of the difference between observed and potential fertility. To obtain the inhibiting effect of each proximate the basic Bongaarts model is transformed thus: ln(TF) -ln(TFR) = ln(C i ) + ln(C c ) + ln(C m ), where ln denotes the natural log transformation. The proportional contribution http://repository.uwc.ac.za of each determinant to the reduction of fertility from the TF to the TFR is given by the following formula:
The percentage contributions of other determinants can be computed thus. This percentage standardizes the result (Odimegwu and Zerai, 1996) . Using the formula below, the percentage reductions by the four proximate determinants are computed below.
Relative contribution of each index for the reduction of fertility by percentage between urban and rural in 2005
Urban http://repository.uwc.ac.za As we can see from Table 5 , the indexes of marriage in urban and rural areas reflect a reduction of fertility of 32% and 40.30%, respectively in 2005. Instead of increasing, the inhibiting effect of the index of marriage in both urban and rural areas has declined from 32% to 18.43% and 40.30% to 25.08% in 2011, respectively.
Decomposition of change in TFR during the period 2005-2011
The contribution made by each of the proximate determinants of fertility to an observed change in fertility between two points of time can be quantified by using the decomposition equation: 
A comparison of results between 2005 and 2011
The two indices such as C c and C i have dropped in 2011 and C m has increased in both urban and rural residence. On the other, the percentage of fertility inhibiting effects for C c and C i in urban areas has increased from 33% to 44.41% and 35% to 37.15%, respectively, in 2011. Likewise, the percentage of fertility inhibiting effects on C c and C i in rural areas has increased from 10.50% to 22.80% and 49.20% to 52.12%, respectively, in 2011.
Discussion
In 2005, the index of married women in urban areas was lower than in rural areas, with values of 0.58 and 0.64 rural, respectively. Whereas, in 2011, the index of proportions married was unfortunately the same in urban and rural areas with values for C m of 0.75. This may be due to cultural factors in both urban and rural areas which contributed the same proportions. There was a considerable variation in the index of contraception between urban and rural areas; in 2005 the index of contraception was recorded by the higher inhibiting effect of fertility for urban women compared with rural women, whereas in 2011 the index of contraception was registered by the highest inhibiting effect of fertility for rural women than that of urban women. There was little variation in C i , the index of postpartum infecundability. In both 2005 and 2011 the index of postpartum infecundability was recognized by greatest fertility reduction effect compared with the index of contraception and index of marriage in rural residence. In addition to this, rural women reported highest durations of breastfeeding. Postpartum abstinence produces a reduction in the natural fertility level, with TN varying from 9.50 among the rural (with the highest i) women to 7.02 among the urban (with the lowest i) in 2011.
Contraceptive use yields a reduction in the total marital fertility rate. Even though contraceptive use increased from 2005 to 2011 in urban areas, the TFR has increased from 2.4 to 2.6 in 2011. Thus, for Hypothesis 1-increasing contraceptive method use will decrease the total fertility rate-to be true it should be modified: increasing contraceptive method use will decrease TFR if other three indices of proximate determinants (C i , C m and C a ) are fixed or decreasing. On the other hand, Hypothesis 2 is accepted. Increasing contraceptive (decreasing C c ) use leads to further reduction of 1.95 births in urban areas and 2.70 births in rural areas in 2011; in 2005 contraceptive use was contributing towards the reduction of fertility with 3.56 births in urban areas and 1.22 births in rural areas. This combines the impact of all the proximate fertility variables. In 2011, fertility (estimated by the model) in rural women was closer to the actual value than that of urban women.
Conclusion
This paper has tried to explore the contribution of the four main proximate determinants to fertility differentials in Ethiopia between the periods of 2005 and 2011. The index of contraception (C c ) for urban and rural has dropped from 0.57 to 0.50 and 0.89 to 0.77, respectively, in 2011. Likewise, the index of postpartum infecundability for urban and rural areas has dropped slightly from 0.55 to 0.56 and from 0.58 and 0.55, respectively, in 2011. But, index of marriage (C m ) has increased for both urban and rural, 0.58 to 0.75 and 0.64 to 0.75, respectively, in 2011. The lower the four indices of proximate determinants, the greater the reduction in fertility. The findings have shown that two index of proximate determinants, C c and C i , have been improved in 2011. The index of marriage has not been improved, and this means that if more people in both urban and rural areas are getting married at an early age, the probability having children in their lifetime will be increased. We suggest that the Ethiopian government, international NGOs and policy-makers have to focus on increasing the prevalence of contraceptive http://repository.uwc.ac.za use and on educating society in not allowing their children to marry at an early age. A new policy should be formulated to focus on women's contraceptive use and on teaching about the risks of child marriage.
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